The study attempts to unify prior research and develop a comprehensive, empirically based conceptual model of the barriers to EHR adoption among community physicians. The model uses concept mapping, which taps the shared expertise of a group and provides reliable estimates with relatively small sample sizes. The methodology includes brainstorming of barrier statements and sorting and rating of issue statements. The model illuminates the larger structure of barriers as well as the finer details of constituent issues. Core issues are standardization and interoperability; also important are technical issues and the cost-benefit of adopting EHRs. However, psychosocial issues, the main focus of diffusion research, seem relatively peripheral. We believe the development of this model is an important first step in creating effective and measurable interventions that enhance the adoption of EHRs in healthcare.
Introduction
The current study makes four new contributions to the EHR research literature. First, the study presents the first application of concept mapping in technology -diffusion research. The methodology is particularly suitable in the EHR adoption context because it interactively allows multiple stakeholder groups to participate in the creation and interpretation of the maps. This participatory process, when properly managed, promotes stakeholder buy-in and thereby encourages adoption. Second, the maps provide a comprehensive, conceptual structure of the barriers to EHR adoption along with the relative importance of each barrier. This provides an evaluation framework that allows policy makers to better judge the intensity of each barrier, create and test suitable interventions, and effectively allocate resources. Third, the items that comprise each barrier can be used to develop more accurate, tailored measurement instruments that can be widely applied across settings. Finally, since few studies compare multiple stakeholder groups [13] , the current study compares the structure of EHR barriers across two separate stakeholder groups, physicians and technical staff (engaged in IT implementation or support), thus providing a more robust estimate of the barriers to EHR adoption in healthcare.
Context of the present study
This study was funded by the New York State Department of Health and conducted as part of the Buffalo Academy of Medicine's Health Information Exchange (HIE) Project. The specific aims of the project were to examine the issues concerning health information exchange, promote cooperative solutions and further the development of a regional, interoperable healthcare database. The HIE project included the formation of an oversight committee that consisted of physician leaders from the Buffalo Academy of Medicine, the Erie County Department of Health, and the NY State Department of Health, and also members from Western NY HealtheNet, an organization comprising the CIOs of four major Western NY hospitals and three regional managed care providers. This oversight committee was the organizational base for conduct of the current study.
Methods

Participants
The study was conducted over three phases. In the first phase, a brainstorming session was facilitated to elicit the key barriers to EHR adoption. Next, the issues were sorted by an expert sample of physicians. Finally, the issues were rated by a representative sample of physicians. This rating exercise was repeated with a representative sample of IT staff.
The physician leaders from the oversight committee were used in the brainstorming (N = 11) and sorting (N = 16) phases of the study. Next, a physician seminar was organized, inviting members from the BAM. Fifty-eight (N = 58) physicians attended the seminar and performed the rating exercise. The seminar attendees represented a broad sample of community physicians from a variety of specialties including family practice, internal medicine, pathology, pediatrics, and radiology. The sample physicians had an average (mode) of three physicians in their practice and had been practicing medicine for an average of 19 years, and a majority used an IT or computer based practice management system.
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Lastly, another seminar was organized, inviting staff members engaged in technology implementation or support within the HealtheNet hospitals. Seventeen (N = 17) staff members, representing a variety of IT functions from security officers and network engineers to IT directors, attended the seminar and provided the rating of issues or barriers that in their opinion prevented physicians from adopting EHRs.
Procedures
Brainstorming of EHR adoption barriers
In this phase, the 11 physician leaders from the BAM oversight committee were instructed to generate statements that best described the barriers, impediments, and issues faced by them or others whom they knew, when adopting (or planning to adopt) an EHR system. Statements generated during the brainstorming were supplemented with statements from the EHR adoption literature. This process produced 92 statements, which were then edited for redundancy, clarity, and relevance. The final set of statements included 80 items.
Sorting of barrier statements
Next, the barrier statements were sorted independently by each expert using the standard sorting procedures developed by Trochim [22] . The procedure entails sorting the statements based on their 'perceived' similarity such that each statement is part of a group or forms a group in itself, no statement is sorted in more than one group, and items are not in one large group or 80 individual groups. Each group is also provided with a name or short title that best describes the statements sorted in it.
Ratings of barrier statements
Next, the statements were used in a questionnaire that was administered during the two seminars. Seminar attendees were provided with a definition of EHRs and instructed to rate the perceived significance of each of the 80 barriers to EHR adoption on a 1-5 scale in which 1 represented 'relatively insignificant' and 5 represented 'extremely significant'.
Data analysis
Concept mapping integrates two major statistical analyses: non-metric MDS and cluster analysis [22] . The first goal of the analysis is to develop a statistical map of the brainstormed items based on the degree of similarity between them. Here, MDS is used to identify the arrangement of items in a two-dimensional space. The next goal is to statistically identify the most representative structure of the items in the map. Here, cluster analysis is used to group and represent the mapped items.
In our first step, the barrier items sorted by each physician leader were arranged in a binary symmetric matrix, using a code of 1 for items that were sorted together and 0 for items that were not, aggregated, and subjected to a two-dimensional MDS analysis. An X-Y value for each item defined its position in the map, with items closer to one another representing more similar constructs and those further apart reflecting less similar ideas.
The MDS results were then examined in a hierarchical cluster analysis based on Ward's algorithm [25] . This step involved an iterative process in which each possible solution from 20 to two clusters was examined for interpretability and adequacy. The statistical indicator of adequacy used was the 'bridging value', an index ranging from 0 to 1 that indicates the degree to which an item was frequently sorted within a particular cluster versus being placed in other clusters by different participants. High bridging values for a cluster suggest the possibility of a more complex construct that might be better represented in more differentiated clusters, thus encouraging analysts to continue disaggregating the data into smaller clusters [24] .
Three types of maps are typically examined in order: (1) the point map representing each item on a two-dimensional space; (2) a cluster map which adds boundaries based on the cluster analysis to define each item's grouping; and (3) the cluster rating map where the ratings for each item are overlaid on the cluster map, thus showing the relative importance or significance of each cluster.
Results
MDS and cluster analysis
The MDS analysis produced a stress value of 0.247 after 12 iterations, lower (i.e. better) than the reference value of 0.285 reported by Trochim [26] . Figure 1 shows the MDS results (point map) for the 80 EHR barriers. (The numbers on the point map correspond to item numbers.) The map displays the layout of the key barriers to EHR adoption based on the sort data such that items that were sorted together more frequently appear closer to each other in the map than items that were perceived to be dissimilar.
Next, the map data were subjected to a hierarchical cluster analysis and a range of solutions (two to 20) were examined. The analysis showed increasing differentiation from smaller to larger number of clusters but decreasing internal coherence and substantive importance of the concepts in the cluster [23] . The nine-cluster solution best fit the data in terms of both interpretability and parsimony ( Figure 2 ). This model included the following clusters of barriers: (1) cost issues, (2) ROI issues, (3) integration issues, (4) logistics and regulatory issues, (5) concerns over customization, (6) herd mentality/social influence, (7) need for control, (8) reimbursement issues, and (9) concerns over adopting new technology. Cluster names were derived from the titles provided by the experts during the sorting process.
Logistics and regulatory issues were the most central cluster in the map. The issues which form this cluster include the lack of universal or national standards, unclear security standards, system emphasis on small details, need to hire new staff, and too much time spent learning the system. The relative significance of this cluster confirms prior research that calls for national standards and enabling healthcare policies [1] , but also extends this call to include the need for universal security standards and attention to logistical issues, concepts that have been ignored in the literature. The relative centrality of this cluster is also significant because it indicates that logistical and regulatory concerns are not only core barriers to EHR adoption but also closely related to all the other barriers. Hence, policy makers need to pay particular attention to this barrier.
The nine clusters can be further stratified and interpreted. The three clusters on the upper left -cost issues, ROI issues, and reimbursement issues -are related to the financial or cost-benefit side of EHR adoption. The three clusters on the bottom -social influence/herd mentality, need for control, and concerns over adopting new technology -are psychosocial barriers to EHR adoption. The barriers on the right side of the map -concerns over customization, concerns over integration, and logistics and regulatory concerns -constitute technical barriers to adoption. Of these three major groupings, the psychosocial barriers have received the maximal empirical attention primarily by researchers applying diffusion theory [17] , the technical barriers have received some attention, while many of the issues of perceived cost-benefit have been largely ignored. The items within each psychosocial cluster are, however, much broader and more complex than their conceptualization in the diffusion literature. For example, the items that comprise 'need for control' include, among others, the inability to master the system, the lack of clear usefulness, the loss of control of patient information, the loss of control over business processes, systems tend not to be very easy to use, negative perceptions among administrative staff, and problems in understanding the vernacular. Likewise, the 'herd mentality/social influence' items are more expansive and complex and include the lack of community level participation, the lack of involvement of major players such as hospitals, the lack of involvement of major players such as insurance companies, the lack of organizational support, the lack of knowledge/awareness of current or local success stories, and the fact that others do not use or recommend EHRs. From these items, the diffusion literature accounts for just the lack of ease of use, the lack of usefulness, and the lack of organizational support.
Among the technical issues, the concerns over customization have received some attention. The issues within this barrier include disruption of current practice due to new business processes, disruption of current practice due to switching and software upgrades, diversion of attention from patients to computer/input screens, inability to customize the system and make it do what I want it to do, and potential inability to customize the software, reports, and outputs to my satisfaction, among others. From these, qualitative research in human factors and ethnography has focused on the diversion of attention and some customization elements; however, the other items from within this cluster and the integration cluster remain unexplored.
Lastly, the issues of cost-benefit demonstrate the multidimensional nature of perceived cost. Cost, for a physician planning to adopt an EHR, includes direct cost such as the cost of the current legacy system in place and the lack of financial incentives; the return on investment judgments based on the potential downtime during implementation and the need to learn the system; and potential reimbursement issues such as liability issues with insurers and patients. From these, policy researchers have begun expounding the need for better vendor incentives, and educational, marketing and supporting activities [1] , while the other aspects of cost remain underrepresented.
Importance ratings
The significance of barriers rated by the physicians and the technical staff are presented in Table 1 . The issues are listed within the clusters and sorted by the mean importance rating within each cluster.
Based on the aggregate ratings, the most significant barriers to EHR adoption for physicians are: (1) over customization (mean = 3.60), (2) perceived cost issues (mean = 3.58), (3) logistics and regulatory concerns (mean = 3.49), (4) return on investment (mean = 3.48), and (5) integration issues (mean = 3.37). It is important to note, however, that given the range of the scales (1-5), the aggregate ratings are not significantly different; that is, the difference between the highest aggregated rating (3.60) and the lowest aggregated 
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rating (2.86) is less than 1. Thus none of the nine identified barriers should be considered unimportant, but some may be seen as relatively less important than others. The aggregate rating provided by the technical staff for what constitute physician barriers to EHR adoption was as follows: (1) return on investment (mean = 3.97), (2) concern over customization (mean = 3.56), (3) logistics and regulatory concerns (mean = 3.51), (4) cost issues (3.49), and (5) herd mentality/social influence (mean = 3.47). Again, the differences are not statistically significant, and except for herd mentality, all the other cluster barriers were similar to those provided by the physicians. Figure 3 presents a ladder graph comparing the significance ratings provided by both groups. The discrepancies between the aggregate ratings provided by physicians and technical staff were positive (correlation = 0.33), further supporting their agreement on the key barriers to EHR adoption.
Concern over customization Cost issues
Work flow issues 
Discussion
Extant research on the barriers to EHR adoption has been varied: researchers have used different epistemologies, applied different methodologies, and focused on different aspects of the problem. Though this vast body of work has significantly contributed to our understanding of barriers, converting the findings into actionable policy remains difficult. This is primarily because policy makers have to sift through this large volume of disparate data and treatments, identify the core issues, and then stratify the problem within each issue. Hence, the current research attempts to unify prior research and develop a comprehensive, empirically based model of the physician barriers to EHR adoption. To this end, the research applied concept mapping, a methodology that has been compared to astronomy in its ability to map and represent both the big picture (constellations) as well as the small details (stars) [24] . The findings of the current study are telling and extend our understanding of EHR barriers in a number of ways. First, the current research provides a comprehensive insight into the multidimensional nature of adoption barriers. The adoption of EHRs is not limited by technology, regulation, or psychology alone, but rather affected by a combination of each of the above. Hence, policy makers need to approach and design interventions in the same manner: the approach needs to be holistic, combating multiple systemic factors. A combination of awareness campaigns, educational interventions, training, financial incentives, reimbursement reform, along with enabling healthcare policies and national standards for security and data exchange, need to be instituted, which alleviate the barriers at individual and systemic levels.
Second, the overall maps help understand the issues which are central to the problem of adoption. At the core of the problem is the need for universal standards, a fact that has been recognized by researchers. The issues of standards are, however, not limited to interoperability alone, but also extend to security standards and logistical support, concepts which emerged in our study. The study also helps identify the peripheral issues. At this stage, the psychosocial issues of control and social influence appear relatively peripheral compared to the technical issues of integration and cost-benefit concerns of ROI and direct costs. This might be because most physicians are still not convinced about the technology or its efficacy, and are more concerned about ROI, cost, and other issues directly related to the innovation. Hence, the bulk of the research and policy attention needs to focus on those core issues.
Third, the items within each cluster and their ratings provide further insight into the constituents of each barrier. Research in diffusion has identified EHR adoption barriers such as the lack of ease of use, lack of clear usefulness, and negative social influence [9, 11] ; research in human factors and usability has separately identified factors such as diversion of attention from patients and problems with coding [12, 14] . The current research again identified these barriers, but also expanded the understanding of each barrier, its constituents and its relationship to other barriers. So, concerns over attention diversion, a potential customization concern to EHR adoption in our study, is further complicated by the lack of clear implementation models and concerns over the inability to customize the outputs from the software; these factors potentially impact the physician's concerns or anxiety about adopting the new technology. Likewise, the lack of ease of use and usefulness are control issues creating negative perceptions about EHRs, which in-turn exacerbate the physician's concerns or anxiety about adopting the new technology.
Finally, the barrier items can also be used as an inventory to develop a measure of the barriers to adoption of EHRs. Development of a measure using the items from the current study of EHR barriers may have great utility because the dimensional structure and the constituent elements have already been established within the current framework. The items are also more tailored to the EHR adoption context than generic items that are borrowed from other applications. Such a measure can be used across various national, regional, and institutional settings to assess barriers, evaluate interventions, and improve the overall success of EHR implementation.
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The development of a comprehensive measure or inventory of adoption barriers is part of our future research agenda. Development of this inventory requires, first and foremost, a validation of the current findings. Though some degree of validation was provided by the technical staff data and follow-up focus group we conducted, stronger validation will only be possible with inputs from a broader sample of physicians in different settings and from different regions. Also, the sample size of our study, particularly for the sorting tasks, though well above the minimum requirements defined by Trochim [23] , still remains low. In addition, since we took a physician centric approach, the sorting or structuring of the barriers was completed by only the physicians and not the technical staff. Hence, the robustness of the structure of adoption barriers, the feasibility of the importance ratings, and the relationship between the barriers needs further validation through replication.
Conclusions
Our empirically based model of the barriers to EHR adoption is, however, an important first step in better defining the barriers to EHR adoption. The research provides a comprehensive systemic overview of the entirety of barriers, and helps discriminate and delineate the barriers and issues within each barrier that inhibit the adoption of EHRs.
Nine major barriers inhibit the physician's adoption of EHRs. Each barrier further comprises a series of related issues. Not only do these issues shed light on the multidimensional nature of adoption barriers, but they also provide insight into the core issues within each barrier that matter the most. For example, within the concern over the customization barrier, the inability to customize the system and disruption of practice were among the biggest issues, while the diversion of attention from patients and the need for a single service source were relatively less important. Similarly, within the cost factor, conversion costs, perceived cost of purchase, and lack of financial incentives were among the key issues, while still paying for old practice management systems and the need for additional phone lines remained relatively less important.
Based on this information, interventions can be created that focus on individual elements within each barrier. So, for example, an intervention aimed at alleviating cost concerns should focus on reducing downtime and conversion costs, and on providing financial incentives, rather than providing capital incentives for phones lines, Internet connections and other infrastructure. Likewise, an intervention aimed at alleviating integration issues is better off training support staff rather than installing additional phone lines. In addition to providing guidance on interventions, the data from the concept mapping process also provide a baseline against which the success of the interventions can be measured. For example, one could measure the success of an intervention aimed at alleviating concern over customization overtime by focusing on the changes in the barrier composition. Successful interventions should reduce the overall importance of the barrier, change the relative position of the barrier, and reduce or change the composition of individual elements (issues) within each barrier. We, hence, believe the development of this model is vital to creating effective and measurable interventions that enhance the diffusion of EHRs in healthcare.
